Tightly bound to DNA proteins (TBP) 85, 70, 65, 60 and 37 kDa polypeptides; 85, 77, 70, 60, 50 
INTRODUCTION
Tightly bound to DNA proteins (TBP) are a protein group that remain attached to DNA with covalent or non-covalent bonds after its deproteinisation (Juodka et al., 1991; Nehls et al., 1998) . TBP have been found in DNA of numerous evolutionary distant species (Tsanev and Avramova, 1994; Sjakste et al., 2005; Labeikyte et al., 2002) . The TBP distribution in the genome is site-specific. They are enriched in several reiterated sequences in the attachment sites to the nuclear skeleton (Sjakste, 1997; Neuer-Nitsche et al., 1988; Pfütz et al., 1992; Werner and Neuer-Nitsche, 1989; Werner and Rest, 1987) . It was shown that distribution of tightly bound proteins in unique genes reflects the type of cell differentiation, e.g. these are found in the globin genes of erythroid cells, but not in the non-erythroid cells (Razin et al., 1988) . Early reports indicated uniformity of the TBPs from different sources (Avramova and Tsanev, 1987; Tsanev and Avramova, 1994) . Later it was shown that TBPs, obtained from DNA isolated in mild conditions from evolutionary distant species (Tetrahymena, fish, mammals), appear to be different, but additional harsh purification treatment of DNA caused release of species-specific TBPs from DNA, the remaining most tightly bound TBPs appeared to be uniform (Labeikyte et al., 1999) . Application of the chloroform DNA extraction method without use of externally added enzymes enabled us to reveal differences in the TBP spectrum in plant organs (Bielskiene et al., 2009; Sjakste et al., 2009 ) and changes of this spectrum in the course of plant development (Sjakste et al., 2009) . The goal of this work was to determine the TBP spectrum in organs of animals: a mammal (rat) and a bird (chicken).
MATERIALS AND METHODS
Animal material. Rats. Wistar male rats weighing 200-300 g were used in the experiments. Animals were purchased from the laboratory animal supplier "Gaiïezers" (Rîga, Latvia). Rats were decapitated under slight ether anesthesia, and samples of liver, kidneys, thymus and thyroid were taken for DNA extraction.
Chickens. 3-4 weeks old Cross 308 broiler chickens were purchased from the "Íekava" poultry factory. Birds were killed by cervical dislocation. Thoracic and abdominal cavities were opened; blood was taken from the heart by a syringe using EDTA as anticoagulant. Liver tissue samples were also taken for DNA extraction.
All manipulations with animals were performed in accordance with Republic of Latvia regulations, which are in agreement with EU rules; permission from the Ethics Commission of the Latvian Council for Science was obtained to perform this study.
DNA extraction.
Taking into account our previous observations on partial degradation of TBPs by proteases, and formation of artefactual complexes with DNA by RNase A reported also by others (Benore-Parsons and Ayoub, 1997), we excluded the use of exogenous enzymes from DNA extraction and fractionation protocols. RNA was precipitated with LiCl (Manning, 1991) ; DNA was fragmented by means of sonication.
Chicken blood. 2 ml of cooled water were added to 5 ml of blood to produce hemolysis. A cell pellet was obtained by centrifugation for 20 min at 2000 g. To obtain the crude nuclear fraction, the pellet was mixed with 3 ml of extraction buffer (10 mM Tris-HCl pH 7.5; 0.32 M sucrose, 5 mM MgCl 2 , 1% Triton X-100), slightly homogenised in a Dounce homogeniser and incubated at 4 o C. Crude nuclei were pelleted by centrifugation at 2000 g for 30 min. The nuclear pellet was mixed with an appropriate amount of buffer [(100 mM Tris HCl pH7.5; 500 mM NaCl, 50 mM Na 2 EDTA, 1.25% SDS; 3.8 g/l of sodium bisulfite, 4 ml/l of 2-mercaptoethanol). The two latter components were added to the buffer just before the extraction] to obtain a slightly viscous suspension. The lysate was incubated for 45 minutes at 65 o C. DNA was extracted with the same volume of chloroform/isoamylic alcohol mixture (24 : 1), the suspension was centrifuged and the water phase was separated. RNA was separated by precipitation in 4 M LiCl at 4 o C for at least one hour, 12 M LiCl solution was added to the water phase to reach the necessary salt concentration. RNA was pelleted for 10 minutes at 10 000 g. The chloroform extraction procedure of the supernatant was repeated again. DNA was precipitated from the water phase with two volumes of ethanol and washed in 70% ethanol.
Chicken liver and rat organs. Chopped tissues was placed in a Dounce homogenizer, a 10-fold amount of homogenisation buffer (w/v) was added (0.25M sucrose, 0.05 M Tris-HCl, pH 7.4; 0.002 M CaCl 2 ). Ten fractions were produced. Homogenate was centrifuged at 1000 g for 10 minutes. The pellet was again homogenised by 15 fractions in a buffer containing 50 mM Tris-HCl pH 7.5; 0.25 M sucrose, 2 mM CaCl 2 , 1% Triton X-100. Crude nuclei were pelleted at 1000 g for 10 minutes. Extraction was repeated. DNA was extracted as described for blood cells.
Isolation of TBP-DNA complexes by means of exhaustive Dnase I digestion. The DNA was digested with DnaseI (Fermentas) (1U/100 mg, room temperature, overnight) in 10 mM Tris-HCl, pH 7.6; 5 mM MgCl 2. Completeness of digestion was monitored by gel electrophoresis.
TBP electrophoresis. Samples were concentrated by evaporation of excess water. The sample was mixed with the sample buffer, heated to 100°C for 5 minutes and cooled. Electrophoresis was performed in 10% or 15% PAAG gels using conventional protocol for the Laemmli system. Gels were silver stained according to Blum et al. (1987) .
In-gel tryptic digestion and MALDI-TOF MS. The bands to be characterized were cut out and subjected to in-gel tryptic digestion overnight (Shevchenko et al., 1996) . The gel slides were dehydrated with 50% acetonitrile and then dried completely using a centrifugal evaporator (DNA Mini, Epperdorf). The protein spot was rehydrated in 20 ml of 25 mM ammonium bicarbonate (pH 8.3) containing 20 mg/ml modified trypsin (Promega). Once this solution was fully absorbed by the gel, a trypsin-free buffer was added just enough to cover the slice, and the samples were incubated overnight at 37°C. The tryptic peptides were subsequently extracted from the gel slides as follows. Any extraneous solution remaining after the digestion was removed and placed in a fresh tube. The gel slides were first subjected to an aqueous extraction and then to organic extraction with 5% trifluoracetic acid in 50% acetonitrile, shaking occasionally. The digestion and extract solutions were then combined and evaporated to dryness. For MALDI TOF-TOF (Matrix-Assisted Laser Desorption/Ionization tandem TimeOf-Flight) analysis, the peptides were redissolved in 3 ml of 50% acetonitrile and 0.1% trifluoracetic acid and were then prepared with a matrix (a-cyano-4-hydroxicinnamic acid) on the target plate. The analysis was performed on a 4800 Plus MALDI TOF/TOF™ Analyzer (Applied Biosystems, Canada) and externally calibrated using synthetic peptides with known masses (4700 Cal Mix 1, Applied Biosystems). The MS spectra were obtained in the positive ionization mode at 3.080 kV, the MS/MS spectra were obtained in the positive ionization mode at 3.780 kV. The mass information generated from the composite spectrum was submitted to a search performed with the MSDB and UniProtKBSwissProt databases, using the GPS Explorer™ Software (Applied Biosystems, Canada) based on the Mascot search engine.
RESULTS
Figure 1 presents electropherograms of the tightly bound proteins obtained by DNase I digestion of bulk DNA from rat thyroid (1), thymus (2), kidney (3), and liver (4). Despite strong background produced, probably, by residual nucleotides, several polypeptide bands could be distinguished. In the thymus, 70 and 60 kDa proteins are predominant. The same polypeptides were observed also in brain and skeletal muscles (not shown). In kidney, 85, 70, 65, 60 and 37 kDa polypeptide TBPs were common and in liver 85, 77, 70, 60, 50 and 37 kDa TBPs. Numerous minor peptides were observed in all samples studied. Electropherograms of the tightly bound proteins obtained by DNase I digestion of bulk DNA from chicken liver (1) and blood (2) are presented in Figure 2 . Differences between chicken organs are observed mainly in the 25-35 kDa area.
Mass-spectrometry of 14 bands from rat liver TBP gel revealed 43 different proteins (Table 1) . Chromatin modifying proteins and repair enzymes, transcription factors, serpins, ATPase, kinases and enzymes of ubiquitin-proteasome pathway were found among the TBPs.
DISCUSSION
Protein electrophoresis in denaturing conditions conducted on TBPs from different organs indicated tissue-specificity of TBPs in mammals and birds. Mass-spectrometry of some bands from rat liver TBP gel indicated that this is a vast protein group; many of them appear to be surprising. Several nuclear enzymes were found between these TBPs, methyltransferase for example. Another enzyme identified among TBPs, ribonuclease UK114 is expressed in kidney and liver. Expression of this ribonuclease decreases during transformation of the cells and it is transferred to the nucleus in response to stress (Kanouchi et al., 2005) . Several proteins involved in regulation of transcription were also found among the TBPs. Beta-catenine binds chromatin and triggers transcription of genes regulated in the Wnt pathway (Mosimann et al., 2009; Ordóñez-Morán and Muñoz, 2009 ). Translin-associated protein X, involved in regulation of some genes by translin, also belongs to this group (Mellon et al., 2007) . In contrast, tight binding to DNA of BAF-factor (Barrier-to-autointegration factor) was quite predictable, as this DNA-binding protein interacts with lamin A and emerin, and it is thus a component of the nuclear matrix (Haraguchi et al., 2008) . Tightly bound to DNA parafibromin interacts with RNA polymerase as a component of the regulatory PAF1 complex (Lin et al., 2009) . One of SH3 domain-binding proteins also turned out to be resistant to chloroform treatment. These proteins are involved in signal transduction along the Ras pathway, action of NF(kappa)B factor and of the ubiquitin-proteasome system, and RNA processing (Barnes et al., 2002) . Nuclear localisation of these proteins is more pronounced in malignant tumours (French et al., 2002) . Leucine zipper of the interferon-induced GTP-binding Mx3 protein participating in anti-virus defense (Su et al., 2002) also kept the protein attached to DNA in the course of deproteinisation. Presence of above proteins among TBPs is easy to explain and to predict in some cases. On the other hand, identification of inositol-3,4,5-triphosphate receptor and proteinkinase C, known as components of the signal system of membrane-binding hormones, is far from evident. However description of nucleus-localised components of this system (Alessenko et al., 1992; Cocco et al., 2002; Martelli et al., 2004; Ramoni et al., 2004 ) makes this finding understandable. Our data indicate that, besides being localised in the nucleus, these proteins tightly interact with DNA. Phosphodiesterase, a component of the nuclear cAMP-dependent signal transduction system, was also found among TBPs (Nagel et al., 2006; Huston et al., 2008) . This enzyme can be involved in hydrolysis covalent phosphotriester bonds between TBPs and DNA (Tsanev and Avramova, 1994; Juodka et al., 1991) .
The insulin-dependent signalling system is also present in the cell nucleus and is localised in the nuclear matrix (Connor et al., 2006; Thompson et al., 1989; Seol et al., 2003; Sun et al., 2003; . Some of these proteins (insulin-like growth factor binding protein 2 precursor, proteinkinase beta, Rab-18 protein) were found among hepatocyte TBPs. TBPs analogous to interleukine 18, brain neurotrophic factor and hepatocyte growth factor could be formed as a result of intarnuclear transport of growth factors (Harada et al., 1999; Hawker et al., 1994) . The observation of two components of the ubiquitinprotesome protein degradation system, ubiquitin-ligase NEDD4 and cullin, is quite understandable. Proteasomes are involved in regulation of transcription (Collins and Tansey, 2006) , and they degrade numerous nuclear proteins, including transcription factors and repair enzymes (Nag et al., 2001) as well as TBP C1D (Rothbarth et al., 2002) . Proteasomal proteins are well-characterised components of the nuclear matrix (De Conto et al., 1999; Ioudinkova et al., 2005) . The finding of myosin among TBPs supports data on numerous functions of these proteins in cell nuclei. Nuclear myosins have been found in several evolutionary distant species (Pestic-Dragovich et al., 2000; Kahle et al., 2007; Nowak et al., 2007; Cruz et al., 2009) . It is found mainly, in the nuclear matrix and interacts with emerin (Cruz et al., 2009; Holaska and Wilson, 2007) . Nuclear myosin is involved in regulation of transcription (Philimonenko et al., 2004; Kyselá et al., 2005) and mitotic cell division (Fabian and Forer, 2007) . The presence of cholineethanolamine kinase and fatty acid binding protein among TBPs can be explained by intranuclear lipid biosynthesis (Kulagina et al., 2003) .
Unlike the above proteins, the presence of several membrane, microsomal and mitochondrial proteins among TBPs is rather artefactual. It is well-known that DNase (Brotherton and Zenk, 1990) and RNase (Benore-Parsons and Ayoub, 1997) can form tight artificial complexes with DNA. That is why we never use exogenous enzymes for DNA extraction. It should be mentioned that all TBPs were suspected for some time to be fragments of contaminating DNA preparations keratine (Tsanev and Avramova, 1994) . Thus, one should be aware about possible artefacts. On the other hand, finding of serpins (serine protein inhibitors), formerly known as blood serum proteins, among TBPs also seemed strange (Glaser et al., 1997) , however, it is a well-established fact nowadays. Our results on identification of individual proteins are interesting and puzzling at the same time. It seems that application of modern research approaches for TBP research will cause revision of the very concept about TBPs. Instead of a putative group of one or two specific proteins anchoring DNA to nuclear matrix, as it was hypothesised formerly (see above), TBPs appear to be a vast protein group involved in numerous intranuclear processes. Our data on differentiation, apoptosis and development-dependent changes in TBP distribution in the chicken alpha globin gene (Bielskiene et al., 2008) and barley amylase genes (Sjakste et al., 2009) clearly indicate functional significance of these complexes. Perhaps, continuation of the work will generally change our vision of the nucleus structure. Thinking researchers already indicate that nuclear matrix is rather an artefact formed during salt extraction of the nuclei due to molecular crowding inside the nucleus (Hancock, 2004 ). Molecular crowding is not possible during TBP extraction; it seems that numerous functions ascribed to nuclear matrix are performed in the TBP complexes. 
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ÞURKU UN VISTU AUDU CIEÐO DNS-PROTEÎNU KOMPLEKSU POLIPEPTÎDU ELEKTROFORÇTISKÂS SADALES AINA UN DAÏÇJS ÐO KOMPLEKSU PROTEÎNU RAKSTUROJUMS ÞURKU AKNU ÐÛNÂS
Pie DNS cieði saistîtie proteîni paliek saistîti ar DNS, veidojot kovalentas vai nekovalentas saites, kas ir izturîgas pret parastajâm DNS deproteinizâcijas procedûrâm. Cieði saistîto proteînu piesaiste gçniem ir atkarîga no ðûnas diferenciâcijas. Tiek uzskatîts, ka ðie proteîni piedalâs gçnu ekspresijas regulâcijâ. Pirmajâs publikâcijâs ziòoja, ka ðie proteîni ir vienâdi daþâdos organismos. Vçlâk nâca pie secinâjuma, ka, izmantojot saudzîgas DNS attîrîðanas metodes, no evolucionâri tâlajiem organismiem iegûst daþâda satura cieði saistîto proteînu frakciju. Izmantojot hloroforma ekstrakciju bez eksogçnajiem fermentiem, mums izdevâs noteikt cieði saistîto proteînu satura atðíirîbas augu orgânos un to izmaiòas auga attîstîbas gaitâ. Ðî darba mçríis bija izpçtît cieðo DNS-proteînu kompleksu polipeptîdu elektroforçtiskâs sadales ainu dzîvnieku audos; zîdîtajiem (þurkas) un putniem (vistas). Þurku tîmusa pie DNS cieði saistîtie proteîni tika pârstâvçti galvenokârt ar 70 un 60 kDa peptîdiem, lîdzîgi peptîdi bija arî galvas smadzeòu un skeleta muskuïu preparâtos. Nierçs ðo proteîni grupu veido 85, 70, 65, 60 un 37 kDa polipeptîdi, bet aknâm ir raksturîgi 85, 77, 70, 60, 50 un 37 kDa proteîni. Vistu aknu un eritrocîtu pie DNS cieði saistîtie proteîni atðíîrâs savâ starpâ 25-30 kDa intervâlâ. Èetrpadsmit aknu pie DNS cieði saistîtu elektroforçtiskâs frakcijas tika izanalizçtas izmantojot masspektrometriju. Ðo proteînu vidû identificçti hromatînu modificçjoðie un reparâcijas enzîmi, transkripcijas faktori, serpîni, ATFâzes, kinâzes un ubikvitîna-proteasomu sistçmas fermenti. Tâdçjâdi pie DNS cieði saistîto grupu veido daudzi un daþâdi proteîni, kuri nodroðina vairâkus procesus ðûnas kodolâ. Tiek izteikta hipotçze, ka daudzas funkcijas, kuras pçc vispârpieòemtâ uzskata veic kodola matriksa olbaltumvielas, pilda pie DNS cieði saistîtie proteîni.
